Abstract The goal of this article is to provide recommendations about the management of kidney cancer. Based on pathologic and molecular features, several kidney cancer variants were described. Nephron-sparing techniques are the gold standard of localized disease. After a randomized trial, sunitinib could be considered in adjuvant treatment in high-risk patients. Patients with advanced disease constitute a heterogeneous population. Prognostic classification should be considered. Both sunitinib and pazopanib are the standard options for first-line systemic therapy in advanced renal cell carcinoma. Based on the results of two randomized trials, both nivolumab and cabozantinib should be considered the standard for second and further lines of therapy. Response evaluation for present therapies is a challenge.
Introduction [1] . This means the 8th most frequent tumor among men and the 14th among women. In addition, a number of 144,000 deaths due to kidney cancer occurred worldwide. In Spain, the estimated incidence in 2015 was 3590 cases, with an ASR of 15.8 cases per 100,000-person-year [2] .
Comparing to former statistics, kidney cancer incidence is progressively stabilizing or decreasing. Differences have been observed among geographic areas, with the highest incidence rates in developed regions. Most renal cancers (75%) are diagnosed over the age of 60. No differences among races seem apparent.
There are several well-established epidemiologic risk factors: smoking, obesity, hypertension, and familial cancer syndromes [3] . Approximately, 2-3% of kidney cancer cases are related to a hereditary autosomal dominant syndrome, the most frequent of whom is von Hippel-Lindau syndrome associated with clear-cell renal cell carcinoma. Several other factors have been related, such as end-stage renal disease, parity in women, and toxic exposure like trichloroethylene.
Methodology
The SEOM guidelines have been developed with the consensus of ten genitourinary cancer oncologists from SEOM (Spanish Society of Medical Oncology) and SOGUG (Spanish Oncology Genitourinary Group). To assign a level of levels of evidence and grades of recommendation, we have used Table 1 [4] . Statements without grading were considered justified standard clinical practice by the SEOM/SOGUG faculty and experts.
Diagnosis and staging
More than 50% of renal cell carcinomas (RCC) are detected incidentally. The classic triad of flank pain, visible haematuria, and palpable abdominal mass is rare (6-10%) and correlates with aggressive histology and advanced disease. Paraneoplastic syndromes are found in approximately 30% of patients with symptomatic RCC. Some symptomatic patients present with symptoms caused by metastatic disease, such as bone pain or persistent cough.
Abdominal computed tomography (CT) scan represents the gold standard in the staging of RCC. Enhancement in renal masses is determined by comparing Hounsfield units (HU) before and after contrast administration; a change of 15 or more HU suggests malignancy [5] . Abdominal CT provides information for staging: function and morphology of the contralateral kidney; primary tumor extension; venous involvement; locoregional lymph nodes status; adrenal glands; and other solid organs involvement [6] . Contrast-enhanced CT angiography is useful in selected cases for detailed information on renal vascular supply.
Abdominal magnetic resonance imaging (MRI) is not performed routinely, but may provide additional information on venous involvement [7] . MRI is indicated in patients allergic to intravenous CT contrast medium and in pregnancy without renal failure [8] . Despite a high accuracy of both CT and MRI in RCC diagnosis, these tests are not able to reliably distinguish oncocytoma and fat-free angiomyolipoma from RCC [9] .
For evaluation of advanced disease, chest CT is accurate for chest staging [10] . Since most bone metastases are symptomatic at diagnosis, routine bone imaging is not 9 Medical Oncology Department, Hospital Universitario Ramón y Cajal, Madrid, Spain generally indicated [11] . However, bone scan and brain CT or MRI should be used if specific clinical or laboratory signs and symptoms are present. In patients with impaired renal function, an isotope renogram and total renal function evaluation should be considered. In general, positronemission tomography (PET) is not recommended [12] . The staging of RCC is done according to the eighth TNM classification system (2017) that is used for all histologic variants of renal carcinoma. This system is supported by both the American Joint Committee on Cancer (AJCC) and the International Union for Cancer Control (UICC) [13] . The TNM system is shown in Table 2 . Stage grouping for RCC based on AJCC TNM 2017 is shown in Table 3 .
Recommendations
• Abdominal CT scan is the gold standard for staging of RCC and provides information on primary, regional, and metastatic involvement. 
Pathological and molecular classification
Among kidney cancers, completely different entities can be found from both the histology and molecular perspective. It is estimated that around 85% of kidney tumors are RCC being the clear cell (ccRCC) histology the most frequent one, accounting for up to 75-80% of all RCC [14] . The genomic study defined by the Cancer Genome Atlas (TCGA) of more than 400 ccRCC samples revealed the importance of mutations of genes related to angiogenesis, mainly the von Hippel Lindau (VHL) gene, together with mutations altering the chromatin remodelling complexes (PBRM1, ARID1A, and SMARCA4) and other epigenetic regulators such as SETD2 and BAP1. It was also observed that 28% of the samples are harbouring mutations affecting the PI3K/Akt pathway that directly affect metabolic intracellular routes [15] . Among patients with non-clear cell histology (nccRCC), papillary RCC (pRCC) is the most frequent one and comprises around 10-15% of RCC cases. Papillary tumors include two main subtypes (type I and type II), which differ in their molecular drivers and prognosis. Type I pRCC is mostly associated with mutations in the MET oncogene and exerts a more favorable prognosis, while type II patients use to harbour aberrations in the Krebs cycle gene fumarate hydratase (FH) that confer a very poor prognosis in most cases [16] . Sarcomatoid features are present in 1-8% of RCC tumors mostly seen in patients with predominant clear cells areas. Other nonccRCC subtypes include chromophobe (chRCC) tumors with an incidence rate of * 5%, collecting duct tumors (\ 1%) and more rare cases like Xp11 translocation (tRCC) or medullary subtypes that exert a poor clinical outcome despite of systemic treatment [17] . In addition, there are around 4-5% of tumors that remain unclassified. The distinct histology tumor subtypes are conditioning different sensitivity to the broad range of systemic available therapies for metastatic RCC (mRCC). Beyond the pathological subtype, the TCGA of ccRCC identified four stable subsets in both mRNA (m1-m4) and miRNA (mi1-mi4) expression data sets [15] . What it seems to be more important is that there could be a relationship between these molecular subgroups and the sensitivity to tyrosine kinase inhibitors (TKI). In this regard, sunitinib might not work in those patients with ccrcc-1 and -4 subgroups (c-myc and immune-like profiles, respectively) that it does in ccrcc-2 and -3 (normal-like, and classical subtypes, respectively) as shown in a retrospective analysis conducted in 53 patients with metastatic ccRCC [18] . More recently, it has been shown that molecular profiling could also help to identify not only patients that are sensitive to be treated with antiangiogenics but also those that are most likely to respond to novel immuno-oncology agents [19] .
Local and locoregional disease
Surgery is the treatment of choice for localized renal cell cancer. Partial nephrectomy (nephron-sparing surgery) is indicated in tumors smaller than 7 cm if technically feasible. This approach is associated with better long-term preservation of renal function and similar oncological outcomes than radical surgery. However, this procedure is not always technically feasible, mainly due to anatomical or surgical factors. In these cases, laparoscopic radical nephrectomy is an alternative. Partial nephrectomy is also the preferred approach for patients with bilateral tumors or a single functional kidney. Radical nephrectomy is indicated in T2-4 tumors. Laparoscopic approach is preferred to open radical nephrectomy in T2 and selected T3a tumors, because it is associated with less surgical-related complications. In T3b and T4 tumors, open radical nephrectomy is the approach of choice. When a tumor thrombus is present, it has to be completely excised. Extended lymphadenectomy and adrenalectomy have not shown added survival benefit and should not be routinely performed unless there is evidence of involvement.
Radiofrequency and cryotherapy are local ablative techniques in development that constitute a therapeutic alternative in elderly or high-risk patients with small renal cancers, as well as in hereditary RCC syndromes, bilateral tumors, or single functional kidney. Initial active surveillance is also an acceptable alternative in elderly or highrisk patients with small renal masses. Patients should be followed with repeated abdominal imaging and surgery performed in those cases that show clinical progression during the follow-up.
Several different classifications have been proposed to assess the risk of recurrence in patients with localized renal cell cancer treated with nephrectomy [20] . Regarding the role of systemic therapies in patients with high risk of relapse a recent study has shown a significant improvement in disease-free survival (DFS) in patients who received adjuvant sunitinib for 1 year [21] . This benefit seems to be especially apparent in the group of patients with higher risk features. Unfortunately, mature overall survival (OS) data are not available yet. Moreover, toxicity of sunitinib was considerable in this population. On the other hand, another study comparing 1-year treatment with sunitinib, sorafenib or placebo showed no differences in terms of DFS between arms [22] . However, differences in population prognostic features and dose intensity of therapy between both studies are remarkable. At this moment, 1-year adjuvant therapy with sunitinib could be a non-approved individualized alternative to consider in selected high-risk patients.
Neoadjuvant therapy for localized renal cell cancer has been studied in several small clinical trials. Their results suggest that this approach is feasible, and might be especially useful in large unresectable masses, high-level venous tumor thrombus involvement, and patients with large masses and imperative indications for nephron sparing surgery. Nevertheless, at present, this approach still remains investigational. [24] : KPS less than 80%, time from nephrectomy less than 1 year, hemoglobin less than LLN, serum corrected calcium greater than ULN, platelets greater than ULN and absolute neutrophil count greater than ULN. Data from these patients were used to generate a similar model that can be used to predict survival in second-line therapy after progression to VEGF-targeted agents [25] and also in patients with non-clear mRCC [26] . Table 4 summarizes MSKCC (Motzer) and IMDC (Heng) risk criteria.
Recommendations

Recommendation
• Prognostic classifications, such as MSKCC and IMDC, should be used for management of mRCC patients. Level of evidence: II. Grade of recommendation: B.
Role of surgery
Two prospective clinical trials assessed the role of debulking or cytoreductive nephrectomy in patients with mRCC treated with IFNa. Both studies randomized patients to receive IFNa alone or nephrectomy followed by IFNa, finding a significant improvement in terms of survival favoring the nephrectomy approach [27] . However, the mechanism responsible for this beneficial effect remains unclear and patients should be carefully selected.
Patients most likely to benefit from nephrectomy include those with resectable primary tumor, good performance status, adequate organ function, and no significant comorbidities or involvement of central nervous system [28] .
Recommendations and level of evidence are provided in Table 5 .
The role of cytoreductive nephrectomy in patients who receive subsequent targeted therapy is currently under evaluation in three prospective trials investigating sunitinib or pazopanib with or without nephrectomy in patients with mRCC. Retrospective evidence from the IMDC with data of 1658 patients showed significantly longer OS in the group of cytoreductive nephrectomy in patients with favorable and intermediate prognosis, nevertheless in patients with poor prognosis debulking nephrectomy did not provide any benefit [29] .
Metastasectomy may be considered in mRCC patients with favorable prognostic features: good performance status (PS), limited metastatic disease, prolonged time between initial diagnosis, and development of metastases and the possibility for a complete resection [30] .
Recommendations
• Debulking or cytoreductive nephrectomy is the standard of care for selected mRCC patients with good or intermediate prognosis; however, this procedure should be avoided in the majority of patients with poor-risk features. Level of evidence: III. Grade of recommendation: B.
• Metastasectomy can be considered in selected patients with limited number of metastases with long 
First-line systemic treatment
The current standard of care in the first-line setting focuses on the inhibition of angiogenesis. In this scenario, either sunitinib, bevacizumab plus IFNa, or pazopanib improved progression-free survival (PFS) compared with IFNa or placebo in patients with good or intermediate prognosis,
with PFS of 8.5-11 months [31] [32] [33] [34] . Although similar benefit was seen with bevacizumab plus IFNa, sunitinib and pazopanib, oral VEGFR tyrosine kinase inhibitors (TKI), have become the standard of care in this situation. Both sunitinib and pazopanib were compared in the noninferiority phase III COMPARZ trial, which demonstrated no difference in outcomes with the two agents [35] . Nevertheless, no predictors of response to targeted therapy are available; thereby, the choice of therapy is usually based on the patient's prognostic profile, patient and physician preference and experience, and drug efficacy and toxicity profiles.
In patients with poor-risk features, the mTOR inhibitor temsirolimus has been shown to improve OS compared with IFNa alone and represents the only option supported with level I evidence [36] . Other alternatives include sunitinib, pazopanib, and bevacizumab combined with IFNa, based on the minimal inclusion of poor-risk patients in pivotal trials and expanded-access studies of these drugs.
Immunotherapy with high-dose interleukin-2 (HD-IL2) remains a viable therapeutic option in centers with experience for patients with good prognosis mRCC clear-cell histology and low-volume disease. The full potential of checkpoint inhibitors in the front-line setting is under investigation. 
Recommendations
Second line and sequence
Current options for treatment of advanced ccRCC in second line and beyond include immunotherapy with PD-1 blockade and TKI. Nivolumab, an antibody against PD-1, and cabozantinib, an oral TKI targeting VEGFR, MET and AXL, were compared with everolimus, an mTOR inhibitor previously approved in second line of treatment of mRCC, in two different randomized phase III trial including 821 and 658 patients with mRCC patients previously treated with at least one prior antiangiogenic therapy one prior antiangiogenic therapy [37, 38] Both cabozantinib and nivolumab increased OS (figures of 21.4 and 25.0 months, respectively) and response rate (RR), while PFS was significantly better for the former and no differences were observed for the latter. However, toxicity profiles were different, with less grade 3-4 adverse events and treatment discontinuations for nivolumab compared to everolimus. On the other hand, 60% of patients treated with cabozantinib required dose reductions due to toxicity. Based on this data, both nivolumab and cabozantinib has been granted approval for this indication by regulatory agencies [IA, A].
The combination of lenvatinib, another oral TKI of VEGFR1-3, FGFR1-4, PDGFRa, RET, and KIT, and everolimus was compared in a randomized phase II study with either everolimus or lenvatinib alone in patients with mRCC treated with one previous VEGF-targeted therapy [39] . Significant differences for OS, PFS, and RR were described for lenvatinib plus everolimus compared to everolimus alone. Dose reductions due to toxicity and treatment discontinuation because of adverse events in patients allocated to lenvatinib plus everolimus were required, respectively, in 71 and 24% of cases, respectively. Based on this data, the FDA approved lenvatinib in combination with everolimus in this setting [IB, B] .
No direct comparisons have been performed between any PD-1 blocking therapy and the TKI that increase OS in these patients, and no valid biomarkers exist to select the most appropriate treatment for each patient. Therefore, decisions to use these options should be guided by clinical characteristics (e.g., contraindications for immunotherapy (e.g., autoimmune diseases, organ transplant) or to TKI (e.g., uncontrollable hypertension, intolerance) and by the toxicity expected for each agent [IV, D] .
Other TKI, such as axitinib [40] and sorafenib [41] and mTOR inhibitors, such as everolimus [42] have not shown increased OS after prior antiangiogenic therapy and should not be used before the previous agents. Axitinib against sorafenib, and everolimus, against placebo, demonstrated PFS benefit in phase III trials. Yet, they may remain acceptable options afterwards, although randomized trials in this setting are unavailable [IV, D].
Recommendations
• Nivolumab and cabozantinib have shown increased OS in patients with advanced ccRCC previously treated with antiangiogenics, and are the recommended treatments for these patients. Level of evidence: I. Grade of recommendation: A.
• Decisions to use either agent may be based on the expected toxicity and on contraindications for each drug, as randomized data is lacking. Level of evidence: IV. Grade of recommendation: D.
• Lenvatinib in combination with everolimus has shown increased OS in patients with advanced ccRCC in a randomized phase II trial, and is another valid alternative for these patients. Level of evidence: II. Grade of recommendation: B.
• Axitinib and everolimus have not shown increased OS after prior antiangiogenic therapy and should not be used before the previous agents. Nevertheless, they may remain acceptable options following such agents,
although they have not been tested in randomized trials in this setting. Level of evidence: II. Grade of recommendation: B.
Non clear-cell renal cell carcinoma
While non-clear cell histologies constitute a minority of cases of RCC, they pose a significant therapeutic challenge. Non-ccRCC are characterized by morphology, growth pattern, cell of origin, and by the histochemical and biologic bases that underlie the different types of tumors.
The general approach to treatment of non-ccRCC mirrors that for ccRCC. A meta-analysis of targeted therapy clinical trials suggests that VEGF-targeting agents may have activity in patients with both non-clear cell or clear cell histologies with sarcomatoid features [43] . Another meta-analysis comparing effectiveness and adverse effects of different systemic treatments for non-ccRCCs described that single studies showed a trend towards favoring sunitinib in terms of OS and PFS (HR 1.41, 80% confidence interval) [44] . These tumors do not respond to immunotherapy with IL-2, although dramatic responses have been reported with anti-PD-1 [45] . Besides the identification of genomic basis, results from some phase II, randomized trials are of interest for these RCC subtypes.
The ESPN [46] and ASPEN [47] studies compared sunitinib and everolimus in patients with metastatic non-ccRCC (or ccRCC with [ 20% sarcomatoid features in ESPN). Primary endpoint was PFS in first-line therapy for both trials. Results were obtained from 68 and 108 patients, respectively. For both trials, although not statistically significant, sunitinib was superior overall compared with everolimus at delaying disease progression. However, it was also associated with a higher rate of severe toxicity. Interestingly, sunitinib was found to be more effective for papillary-type kidney cancers and for better prognosis patients. On the other hand, patients with chromophobe and poor-risk tumors treated with everolimus had a longer median PFS.
In summary, the evidence base concerning the treatment of this group of patients is relatively small. Although activity with VEGFR TKI or mTOR inhibitors has been observed, shorter survival times and lower response rates compared to ccRCC patients highlight continuing medical need for new treatment approaches in this patient population.
Recommendation
• VEGFR inhibitors, such as sunitinib, are the preferred option for papillary RCC. Level of evidence: II. Grade of recommendation: B.
Response evaluation and follow-up
For patients with advanced renal cell carcinoma on systemic treatment, response evaluation is generally performed every 2-3 months with a CT scan of the thorax and abdomen. Response Evaluation Criteria in Solid Tumors (RECIST) is still the standard method to assess drug response or resistance, although caution is needed to avoid false interpretations of progression of the disease. In this setting, other evaluation methods could better correlate treatment with TKI or immunotherapies with clinical outcome, but its use in the daily clinical practice is not available yet [48, 49] . There is no standard protocol for the follow-up after a definitive treatment for a localized renal cell carcinoma. The higher risk of recurrence following surgical resection is in the first 3 years being 1-2 years the median time to relapse. For this reason, the follow-up must be more intensive on this period. However, there is no clear recommendation about the timing and number of tests to perform. The most extended imaging test is the CT scan of the chest and abdomen. Several surveillance protocols use a risk-stratified approach and are useful to define the best follow-up strategy for each patient [50] . These protocols take many variables into account such us TNM stage, Fuhrman grade or type of local treatment (partial versus radical nephrectomy). For patients with a high or intermediate risk of relapse, a closer follow-up is recommended, especially for the first 2-3 years (CT scan every 3-6 months), while a less frequent follow-up is needed for patients with a low risk of relapse and after 3 years of surveillance. Moreover, the optimal duration of surveillance is not clear either. Due to the presence of late relapses, further follow-up after 5 years is performed in some institutions, especially for patients with intermediate or high risk.
Recommendation
• After a definitive treatment for a localized renal cell carcinoma, a follow-up should be planned. Level of evidence: V. Grade of recommendation: B. Recommendations and level of evidence are provided in Table 5 Compliance with ethical standards
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